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IrdarruTiation and photodynamic therapy 
Isabel Freitas 

Department of Animal Biology and CVR Centre for Histochemistry, University of 
Pavia. 27100 Pavia (Italy) 

Tumour regrowth after photodynamic therapy (PDT) is usually explained 
in terms of the inadequate distribution of the sensitizer or of the photoactivating 
light and also of insufficient oxygenation. The acute inflammatory phase 
induced by PDT (1] is also likely to contribute to an improvement of the 
spared cells milieu and thus to tumour regrowth after PDT. Nevertheless, if 
duly faced, the inflammatory state pre-existing PDT or ensuing from it may 
perhaps be a double-edged sword susceptible to be turned to the therapist's 
advantage. 

By studying an experimental tumour model, Ehrlich carcinoma, my group 
is currently investigating the inflammatory processes which occur as a response 
to the presence of necrotic areas and/or to the processes of neovascularization 
[2, 3). We have observed the infiltration of a protein and neutral lipid-rich 
exudate into the extracellular space and, in particular, its accumulation against 
a "wall" of perinecrotic, vital, cells ("hypoxic cells") stuck against ghosts 
of necrotic cells. Under high magnification, cells in this region distant from 
blood vessels show an unsuspected burst of active proliferation; the density 
of mitoses is much higher than in- the vicinity of the tumour capillaries, 
being only comparable with the density of mitoses at the tumour interface. 
This feature reminds us of how "beneficial" exudates usually are in normal 
inflammatory processes: the flow of inflammatory exudate brings oxygen and 
nutrients and thus helps to nourish the cells engaged in wound repair processes 
(41. 
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review of our knowledge so far on the possible targets and mechanisms 

radiation damage in higher plants shows that certain trends are emerging 
iteresting developments have occurred as a result of the use of a wide 

of methods. Work on the different partial reactions of the photosynthetic 
on transport chain has given some varying results with regard to sensitive 
rgets. Several different target sites have been proposed. These include 
laction centre of photosystem U, (PS IT), the light-harvesting complex, 
xeptor side of PS 0 and the donor side of PS H. Detailed studies of 

have shown that the functional integrity between the water-splitting 
lex and P680 on the oxidizing side of PS II is impaired with exposure 
"B radiation [3]. However, the reducing side of PS n is also a sensitive 
rget, as shown by Greenberg et al. [4]. They found that the chloroplast 
in, D, (also designated Q B or 32 kdalton protein), which is the primary 
ig site of acrazine herbicides, is rapidly degraded on exposure to UV 
ion. Exposure to sunlight without a UV-blocking filter increased the 
.dation rate by 30%. This degradation of Q B is thought to be mediated 



iportance of visible light 

•Jumerous experiments have shown that plants may respond differently 
grown in greenhouses or growth chambers with suboptimai PAR as 
sed to those exposed to natural sunlight. The interactive role of different 
5 of PAR with UVB radiation was especially evident in a recent study 
; Phaseolus vulgaris [5], These bean plants were grown under three 
5 of visible light (230, 500 and 700 ^moi m' J s~\ referred to as LL, 
>r HL) with or without enhanced UVB radiation. Plants grown under HL 
itions were most resistant to UVB radiation, whereas LL conditions 
need response to UV radiation. ML grown plants in general showed a 
jnse intermediate between the other two light treatments. Under ail three 
itions leaves responded with a significant increase in leaf thickness, a 
jnse which, together with pigment changes, appears to influence internal 
gradients and possibly photosynthesis. However, increase in leaf thickness 



least in LL grown plants, a result of suboptimai growth conditions, 
larly, induction of UVB-absorbing compounds was not pronounced under 

UVB radiation. In LL grown plants leaf reflectivity, measured with 
■cated optical fibres, was highest in the blue and red regions of the 
trum, a phenomenon likely to decrease the penetration of PAR. 
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Brassica, one from a northern latitude 
in (B- campestris) and the other from southern latitudes (B. carinata), 
2 grown under either high visible light (1800 ptmol m~ 2 s" ') or additional 
ezirxs was most sensitive to UVB 
anon,- responding -with a 45% increase m leaf -.thickness as well as with 
rophyU 1 "uorescence and Chi concent. Together with 
« changes, the internal PAR of the leaves changed with respect to the 



From a single dose PDT viewpoint, the negative side of the inflammation 
which it causes may thus be rumour relapse if destruction of neoplastic cells 
has not been totally achieved. Several positive aspects may, however, be 
found for pre-existing inflammation (5), namely the exudate may help to 
deliver protein-bound photosensitizers to the inner areas of the tumour, its 
dissolved oxygen may increase the local p0 2 levels of areas distant from 
the vasculature with respect to the p0 2 values calculated simply in .terms 
of oxygen diffusion and consumption, and tumour fibrin loci (obtained by 
clotting of extravasated fibrinogen) may provide further binding sites for the 
photosensitizers. If, as will probably occur, the first PDT dose is insufficient 
for complete eradication of the tumour we should not discard the idea of 
planning the second dose in such a way as to exploit the ensuing inflammatory 
phase, in particular the possibility of obtaining widespread tissue distribution 
of the drug transported by the exudate proteins, higher cellular uptake of 
the drug due to the presence of a highly proliferative population, and improved 
oxygenation brought about by the plasma-like fluid. The negative aspects 
are the haemorrhage, due to the collapse of blood vessels, which will hinder 
light penetration in the tissue, and the possibility that two close PDT doses 
might not be well tolerated by the patient. 

In my opinion the inflammatory state must be faced, whatever the result 
of the balance between its positive and negative sides might be, and despite 
the addition of a further complexity to an already complex modality of cancer 
treatment. 
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Comment on "A guide to the terminology of hematoporphyrin-, 
catalyzed photosensitLzation" (Michael A - J - Rodgers, J. 
Photochem. PhotobioL, B: BioL, 5 (1990) 525) - a comment 

David Kessel 

Wayne Slate University School of Medicine. Den 

Rodgers suggested that supplies of hematoporphyrin derivative (HPD), 
Photofrin II, etc. be discarded since no rational scientist would carry out 
studies on such an undefined mixture. 1 argued for a better appreciation of 
the nature of this mixture, but the complexity of HPD may yet save us from 



the Food and Drug Administration which must approve all drugs for human 
use in the United States of America. 

While development of new photosensitizers has continued at a rapid 
rate, none of these agents has yet reached clinical trials. With a safe drug 
already at hand, it is difficult to formulate a rationale for human studies on 
potentially toxic new dyes. Since we know that the components of HPD are 
safe, drug development based on synthesis of ether and ester timers i of 
hematoporphyrin and its dehydration products may therefore both |^p" e 
the approval process and save us from the need to discard all of l» e ■ 
Photofrin, Photofrin P.. Y-HPD, Photosan and assorted impurities wh |Cjl ave 
been accumulating during the past 30 years. 



